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(57) ABSTRACT

In an endoscope flexible tube and an endoscope device of the
present invention, an endoscope flexible tube which exhibits
flexibility to be inserted into a body cavity includes a bending
portion formed at a distal end side, a first flexible tube portion
connected in series to a proximal end of the bending portion,
and a second flexible tube portion connected in series to a
proximal end of the first flexible tube portion. When the
bending portion and the first flexible tube portion pass a
flexed portion of the body cavity, a curvature radius of the first
flexible tube portion which is passively bent under a prede-
termined force is set to be larger than a curvature radius of the
bending portion in a maximum bent state.
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1
ENDOSCOPE FLEXIBLE TUBE AND
ENDOSCOPE DEVICE

TECHNICAL FIELD

The present invention relates to an endoscope flexible tube
which exhibits flexibility and an endoscope device.

BACKGROUND ART

Generally in the medical field, the endoscope has been used
by inserting its thin and long insertion portion into a body
cavity for the purpose of observing the internal organ within
the body cavity such as the large intestine, or performing
various types of treatment using the treatment instrument
inserted into the treatment instrument channel if required.
The insertion portion of the endoscope includes a distal end
portion, a bending portion and a flexible tube portion in the
order from the distal end.

When the insertion portion of the endoscope is inserted
into the body cavity, the user, for example, the operator grasps
the flexible tube portion to perform a predetermined opera-
tion of an operation knob provided on an operation portion of
the endoscope while pushing the flexible tube portion into the
body cavity such that the bending portion is bent toward a
desired direction. The insertion portion of the endoscope has
been made into various forms so as to be inserted into the
body cavity further smoothly.

For example, the endoscope disclosed in Japanese Unex-
amined Patent Application Publication No. 58-49132 (Patent
Document 1) has its distal end portion of the insertion portion
provided with a first bending portion and a second bending
portion connected in series in the order from the distal end
portion. The first bending portion includes a series of plural
bending pieces inside so as to be bent through the predeter-
mined operation of the operation portion.

The insertion portion of the endoscope disclosed in Utility
Model Application Publication No. 1-22641. (Patent Docu-
ment 2) is provided with a first bending portion which can be
externally bent toward four directions, and a readily flexural
second bending portion provided with the stay coil and the
node ring so as to be bent toward four directions, which are
connected in series in the order from the distal end side.

When the insertion portion of the endoscope as disclosed in
Patent Documents 1 and 2 passes the flexed portion within the
body cavity, the second bending portion is bent while follow-
ing the bending state of the first bending portion which has
been subjected to the bending operation along the body cavity
wall. The second bending portion of the endoscope may be
bent at the smaller curvature radius than that of the first
bending portion depending on the insertion condition. The
second bending portion may abut on the body cavity wall
under the force applied by the operator to push the insertion
portion, and is brought into the state where a large flexed state
is locally observed.

The second bending portion in the aforementioned flexed
state presses the flexed body cavity wall which may be flexed
further acutely in accordance with the force pushed by the
operator. This may cause the second bending portion to be
stuck with the acutely flexed body cavity. In the thus acutely
flexed body cavity, the resistance of the body cavity wall
against the second bending portion is increased to make it
difficult for the insertion portion to be inserted into the flexed
portion of the body cavity.

In the aforementioned case, unnecessarily excessive load is
exerted to the body cavity to be stretched to the level more
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than necessary. This may impose not only the burden but also
the pain on the patient who receives the endoscopic inspec-
tion.

In view of the aforementioned disadvantageous state, it is
an object of the present invention to provide an endoscope
which suppresses the resistance generated when the insertion
portion passes a flexed portion of the body cavity during the
endoscopic inspection so as to improve the insertion perfor-
mance of the insertion portion, and to alleviate the burden and
the pain imposed on the patient.

DISCLOSURE OF INVENTION
Means for Solving the Problem

A first aspect of the present invention provides an endo-
scope flexible tube which exhibits flexibility to be inserted
into a body cavity including a bending portion formed at a
distal end side, a first flexible tube portion connected in series
to a proximal end ofthe bending portion, and a second flexible
tube portion connected in series to a proximal end of the first
flexible tube portion. When the bending portion and the first
flexible tube portion pass a flexed portion of the body cavity,
a curvature radius of the first flexible tube portion which is
passively bent under a predetermined force is set to be larger
than a curvature radius of the bending portion in a maximum
bent state.

A second aspect of the present invention provides an endo-
scope flexible tube which exhibits flexibility to be inserted
into a body cavity including a bending portion formed at a
distal end side which is brought into a maximum bent state
with a first curvature radius, a first flexible tube portion con-
nected in series to a proximal end of the bending portion,
which is brought into the maximum bent state with a second
curvature radius, and a second flexible tube portion connected
in series to a proximal end of the first flexible tube portion.
The second curvature radius is set to be larger than the first
curvature radius.

A third aspect of the present invention provides an endo-
scope flexible tube which exhibits flexibility to be inserted
into a body cavity including a bending portion formed at a
distal end side which is brought into a maximum bent state
with a first curvature radius, a first flexible tube portion con-
nected in series to a proximal end of the bending portion,
which is brought into a maximum bent state with a second
curvature radius larger than the first curvature radius, and a
second flexible tube portion connected in series to a proximal
end of the first flexible tube portion, which is brought into a
maximum bent state with a third curvature radius larger than
the second curvature radius.

The endoscope according to a fourth aspect of the present
invention includes the endoscope flexible tube according to
any one of the first to the third aspects as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing an entire configuration of an
endoscope device with an endoscope according to a first
embodiment.

FIG. 2 is a view representing a distal end portion of an
insertion portion of the endoscope shown in FIG. 1.

FIG. 3 is a sectional view showing a section of the distal
end portion of the insertion portion of the endoscope shown in
FIG. 1, which has been cut in the longitudinal direction.

FIG. 4 is a perspective view representing respective pieces
of' the insertion portion shown in FIG. 3.
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FIG. 5 is a sectional view of the distal end portion taken
along line A-A shown in FIG. 3.

FIG. 6 is a sectional view of a first bending portion taken
along line B-B shown in FIG. 3.

FIG. 7 is a sectional view showing a section of a second
bending portion of the insertion portion with a linear insertion
axis, which has been cut in the longitudinal direction shown in
FIG. 3.

FIG. 8 is an enlarged view of the second bending portion
shown in FIG. 3 in the state where it is in the maximum
downward bent state.

FIG. 9 is a graph showing each change in the curvature and
the curvature radius of the respective bending portion, the
curvature transition portion, and the flexible tube portion of
the insertion portion shown in FIG. 3 at the respective inser-
tion axes.

FIG. 10 is a side view of the bending portion, the curvature
transition portion and the flexible tube portion of the insertion
portion in the maximum bent state as shown in FIG. 3.

FIG. 11 is a graph showing each change in the curvature
and the curvature radius of the respective bending portion, the
curvature transition portion, and the flexible tube portion of
the insertion portion shown in FIG. 3 at the respective inser-
tion axes.

FIG. 12 is an explanatory view showing the state where the
insertion portion of the generally employed endoscope is
inserted into the large intestine.

FIG. 13 is an explanatory view showing the state where the
insertion portion of the generally employed endoscope is
inserted into the large intestine.

FIG. 14 is an explanatory view showing the state where the
insertion portion of the generally employed endoscope is
inserted into the large intestine.

FIG. 15 is an explanatory view showing the state where the
insertion portion of the endoscope according to the first
embodiment shown in FIG. 1 is inserted into the large intes-
tine.

FIG. 16 is an explanatory view showing the state where the
insertion portion of the endoscope according to the first
embodiment shown in FIG. 1 is inserted into the large intes-
tine.

FIG. 17 is an explanatory view showing the state where the
insertion portion of the endoscope according to the first
embodiment shown in FIG. 1 is inserted into the large intes-
tine.

FIG. 18 is a sectional view showing a section of the distal
end portion of the insertion portion of the endoscope accord-
ing to a second embodiment, which has been cut in the lon-
gitudinal direction.

FIG. 19 is a sectional view of the insertion portion taken
along line C-C shown in FIG. 18.

FIG. 20 is a sectional view of the first curvature transition
portion of the insertion portion taken along line D-D shown in
FIG. 18.

FIG. 21 is a sectional view showing a section of the distal
end portion of the insertion portion of the endoscope accord-
ing to a third embodiment, which has been cut in the longi-
tudinal direction.

FIG. 22 is a sectional view showing a section of the curva-
ture transition portion of the insertion portion shown in FIG.
21 with the linear insertion axis, which has been cut in the
longitudinal direction.

FIG. 23 is a sectional view showing a section of the curva-
ture transition portion of the insertion portion in the maxi-
mum bent state shown in FIG. 21, which has been cut in the
longitudinal direction.
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FIG. 24 is a sectional view showing a section of the distal
end portion of the insertion portion of the endoscope which
has been cut in the longitudinal direction for explaining the
curvature regulation tube externally fit with a forceps channel
of the insertion portion shown in FIG. 21.

FIG. 25 is a partially sectional view representing a configu-
ration of the curvature regulation body according to a fourth
embodiment.

FIG. 26 is an explanatory view representing the state before
the curvature regulation body shown in FIG. 25 is externally
fit with the insertion portion of the endoscope.

FIG. 27 is a side view of the insertion portion of the endo-
scope in the state where the curvature regulation body is
externally attached to the flexible tube portion of the insertion
portion shown in FIG. 26.

FIG. 28 is a sectional view showing a section of the curva-
ture regulation body of the insertion portion with the linear
insertion axis shown in FIG. 26, which has been cut in the
longitudinal direction.

FIG. 29 is a sectional view showing the section of the
curvature regulation body in the state where the insertion
portion shown in FIG. 26 is brought into the maximum bent
state, which has been cut in the longitudinal direction.

FIG. 30 is a sectional view showing the section of the distal
end portion of the insertion portion of the endoscope accord-
ing to a fifth embodiment, which has been cut in the longitu-
dinal direction.

FIG. 31 is a graph representing each change in the flexural
rigidity of the bending portion, the curvature transition por-
tion and the flexible tube portion of the insertion portion
shown in FIG. 30.

FIG. 32 is a graph representing each change in the curva-
ture and the curvature radius of the bending portion, the
curvature transition portion and the flexible tube portion of
the insertion portion shown in FIG. 30 with respect to the
insertion axis.

FIG. 33 is a sectional view showing the section of the distal
end portion of the insertion portion of the endoscope which
has been cut in the longitudinal direction for representing the
rigidity adjusting bar in the modified example of the insertion
portion shown in FIG. 30.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

The first embodiment of the present invention will be
explained referring to the drawings.

FIG. 1 is a view showing an entire configuration of an
endoscope device with an endoscope.

Referring to FIG. 1, an endoscope device 1 includes an
electronic endoscope equipped with not shown image pickup
means (hereinafter referred to an endoscope) 2, a light source
device 3 for supplying illumination light, a processor 4 for
generating a video signal based on an electric signal trans-
mitted from the image pickup means of the endoscope 2, and
a monitor 5 as a display unit for displaying an endoscopic
image in response to the video signal.

The endoscope 2 according to the embodiment mainly
includes an insertion portion 6 as an endoscope flexible tube
which is long enough to be inserted into the body cavity, an
operation portion 7 positioned at the proximal end side of the
insertion portion 6, and a universal cord 8 which extends from
one side portion of the operation portion 7.

The operation portion 7 includes a grasping portion 74, a
bending operation knob 7h, various switches 7¢ used for
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commanding to release the image pickup means, and various
buttons 7d such as an air/water feed button.

The universal cord 8 has its distal end portion at the
extended side provided with an endoscope connector 8a
detachably connected to the light source device 3 as an exter-
nal unit. An electric cable 9 having an electric connector 9a
connected to the processor 4 as the external unit extends from
the endoscope connector 8a.

The insertion portion 6 of the endoscope 2 includes a distal
end configuration portion 11, a bending portion 12, a curva-
ture transition portion 13 as a first flexible tube portion, a
force quantity transmission portion 14 as a second flexible
tube portion, and a connector portion to be described later.

A predetermined pressing force applied to the force quan-
tity transmission portion 14 is transmitted to the curvature
transition portion 13 when the insertion portion 6 is inserted
into the body cavity. Upon reception of the force, the curva-
ture transition portion 13 inserted into the body cavity is
passively bent in abutment on the flexed body cavity wall.

The curvature radius of the curvature transition portion 13
in the maximum bent state is larger than the curvature radius
of'the bending portion 12 in the maximum bent state where it
is in the bending operation state or the passive bent state. The
force quantity transmission portion 14 is passively bent under
the predetermined pressing force.

The curvature radius of the curvature transition portion 13
in the maximum bent state is set to be smaller than that of the
force quantity transmission portion 14 in the maximum bent
state where it is passively bent under the predetermined press-
ing force.

The insertion portion 6 includes the bending portion 12, the
curvature transition portion 13 and the force quantity trans-
mission portion 14 arranged in the order from the distal end
thereof such that the bending radius/curvature undergoes the
stepwise transition when the insertion portion is brought into
the maximum bent state. The bent state of the insertion por-
tion 6 as described above will be described later in detail.

The distal end configuration portion 11 contains an image
pickup device serving as image pickup means, for example,
CCD, CMOS, a circuit substrate for driving the image pickup
device, and a not shown image pickup unit formed of an
observation optical system. The distal end configuration por-
tion 11 is equipped with the distal end portion of a light guide
which allows the illumination light to pass for illuminating
the observation site in the body cavity, and contains an illu-
mination unit including the light guide, the illumination opti-
cal system and the like.

Each structure of the distal end configuration portion, the
bending portion, the curvature transition portion and the flex-
ible tube portion of the insertion portion will be described
referring to FIGS. 210 6. FIG. 2 is a view which represents the
distal end portion of the insertion portion. FIG. 3 is a sectional
view showing the section of the distal end portion of the
insertion portion, which has been cut in the longitudinal
direction. FIG. 4 is a perspective view intended to explain
with respect to each piece. FIG. 5 is a sectional view of the
distal end portion taken along line A-A shown in FIG. 3. FIG.
6 is a sectional view of the first bending portion taken along
line B-B shown in FIG. 6.

Referring to FIG. 2, the distal end configuration portion 11
provided at the distal end of the insertion portion 6 has its
distal end surface provided with an observation window 11a
equipped with an observation lens, two illumination windows
115 equipped with the illumination lens and the like, for
example, and an opening 11¢ of a forceps channel through
which the forceps and the like as the treatment instrument is
inserted.
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The bending portion 12 connected in series to the proximal
end side of the distal end configuration portion 11 is formed of
a first bending portion 12a and a second bending portion 125
in the order from the distal end side. The length of the first
bending portion 124 in the direction of the insertion axis is in
the range from approximately 30 to 35 mm. The length ofthe
second bending portion 125 in the direction of the insertion
axis is in the range from approximately 40 to 45 mm, for
example.

The curvature transition portion 13 is formed of a first
curvature transition portion 134 and a second curvature tran-
sition portion 135 in the order from the distal end side. The
length of the first curvature transition portion 13¢ in the
direction of the insertion axis is in the range from approxi-
mately 30 to 40 mm. The length of the second curvature
transition portion 135 in the direction of the insertion axis is
in the range from approximately 30 to 40 mm, for example.

Referring to FIG. 3, the bending portion 12 is formed of a
plurality of bending pieces (bending nodal rings) which are
rotatably connected in series to be described later. The cur-
vature transition portion 13 is formed of a plurality of curva-
ture regulation pieces (curvature regulation node rings) which
are rotatably connected in series to be described later.

In the embodiment, the piece having a wire guide to be
described later will be referred to as the bending piece, and the
piece having no wire guide will be referred to as the curvature
regulation piece. In other words, the plurality of bending
pieces in the bending portion 12 include wire guides, and the
plurality of curvature regulation pieces in the curvature tran-
sition portion 13 do not include the wire guides.

The connection between the bending portion 12 and the
curvature transition portion 13 is rotatably made at the inside
the respective boundaries such that each rotating direction of
the bending piece and the curvature regulation piece accord
with each other. More specifically, each portion at which both
the rotating bending piece and the curvature regulation piece
are connected between the bending portion 12 and the curva-
ture transition portion 13 of the insertion portion 6 in the
endoscope 2 for the vertical bending as shown in FIG. 3 will
be referred to as a connector portion 15. In the endoscope 2
according to the embodiment, the bending portion 12 and the
curvature transition portion 13 are allowed to bend in four
directions, that is, the upward, downward, leftward and right-
ward. The portion at which both the rotating bending piece
and the curvature regulation piece are connected for bending
in the lateral direction substantially orthogonal to the vertical
direction may also be the joint portion. That is, the endoscope
2 according to the embodiment includes two connector por-
tions 15 having the respective bending pieces and the curva-
ture regulation pieces are connected.

In the embodiment, the respective bending piece and the
curvature regulation piece at the boundary between the bend-
ing portion 12 and the curvature transition portion 13 may be
connected through fixing rather than the rotatable manner.

The plural bending pieces and the curvature regulation
pieces are covered with a bending braid 30 formed by braid-
ing a thin wire into a cylindrical shape, and further covered
with an outer coat 31 as a first outer tube body for holding
fluid tightness on the bending braid 30 so as to form the
bending portion 12 and the curvature transition portion 13.

The bending braid 30 and the outer coat 31 may be inte-
grally coated across the whole length of the bending portion
12 and the curvature transition portion 13. Alternatively, they
may be coated on the bending portion 12 and the curvature
transition portion 13 independently. The bending portion 12
and the curvature transition portion 13 are coated with the
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outer coat 31 which exhibits a predetermined flexural rigidity
s0 as to equalize the respective flexural rigidity.

The thickness of the portion of the outer coat 31 which
covers the bending portion 12 may be larger than that of the
portion of the outer coat 31 which covers the curvature tran-
sition portion 13. In other words, the portion of the outer coat
31 which coats the curvature transition portion 13 may be
smaller than that of the portion of the outer coat 31 which
covers the bending portion 12. Accordingly, the flexural rigid-
ity of the portion of the outer coat 31 that covers the curvature
transition portion 13 may be set lower than that of the, portion
of the outer coat 31 that covers the bending portion 12.

Meanwhile, the thickness of the portion of the outer cover
31 which covers the curvature transition portion 13 may be
larger than that of the portion of the outer coat 31 which
covers the bending portion 12. Accordingly, the flexural rigid-
ity of the portion of the outer coat 31 which covers the cur-
vature transition portion 13 may be set to be higher than that
of the portion of the outer coat 31 which covers the bending
portion 12.

The plural first bending pieces 21 are connected in series in
the first bending portion 12a. Meanwhile, the plural bending
pieces 22 are connected in series in the second bending por-
tion 12b. The first bending piece 21 at the distal end portion is
provided at the proximal end side of the distal end configu-
ration portion 11.

The plural first curvature regulation pieces 23 are con-
nected in series in the first curvature transition portion 13a.
Meanwhile, the plural second curvature regulation pieces 24
are connected in series in the second curvature transition
portion 134.

Referring to FIG. 4, the bending pieces 21, 22 and the
curvature regulation pieces 23, 24 are a plurality of curvature
regulation bodies each formed of a short substantially cylin-
drical tube (rigid tubular member). Each end, that is, each
distal end side of the bending pieces 21, 22 and the curvature
regulation pieces 23, 24 is provided with a pair of pivotally
supporting portions 40 A so as to be rotatably connected to the
adjacent piece. The pair of pivotally supporting portions 40A
are disposed at the position which separates the circumfer-
ence of the respective bending pieces 21, 22 and the curvature
regulation pieces 23, 24 into two sections, that is, at the
positions displaced at 180° in the circumferential direction
around the insertion axis.

Likewise the aforementioned end side, each of the other
ends of the bending pieces 21, 22 and the curvature regulation
pieces 23, 24, that is, the proximal end side is provided with
a pair of the pivotally supporting portions 40B displaced by
the plate thickness thereof at the inner periphery. The pivot-
ally supporting portions 40A and 40B at one end side and the
other end side of the respective bending pieces 21, 22, and the
curvature regulation pieces 23, 24 are overlapped with each
other, and each pivot member 42 such as a rivet is inserted into
ahole 41 formed in the pivotally supporting portions 40A and
40B so as to be axially supported.

The pair of pivotally supporting portions 40A at one end of
each ofthe bending pieces 21, 22 and the curvature regulation
pieces 23, 24 are provided at the position displaced at 90°
around the insertion axis with respect to the pair of the piv-
otally supporting portions 40B at the other end side. In other
words, the pair of the pivotally supporting portion 40A at one
end side of each ofthe bending pieces 21, 22 and the curvature
regulation pieces 23, 24 are provided at the position orthogo-
nal to the line formed by connecting axes of the respective
pivot members 42, the line formed by connecting the pair of
the pivotally supporting portions 40B at the other end side,
and the insertion axis.
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The thus linked bending pieces 21, 22 and the curvature
regulation pieces 23, 24 are connected such that one end side
is rotatable in two directions around the axis of the pivot
member 42 of the pivotally supporting portion 40A, and the
other end side is rotatable in the two directions around the axis
of the pivot member 42 of the pivotally supporting portion
40B orthogonal to the aforementioned two directions with
respectto the insertion axis. In the explanation of the embodi-
ment, the portion formed of the pivotally supporting portions
40A and 40B, and the pivot member 42 will be referred to as
a joint portion 40.

The bending pieces 21, 22 and the curvature regulation
pieces 23, 24 are annular members linked to the adjacent
pieces via the joint portions 40. As described above, they are
annular members each processed into a triangular shape hav-
ing the axial length made shorter, and the pivotally supporting
portions 40A and 40B each as an edge portion protrude from
both end surfaces so as to face one another.

The bending pieces 21, 22 and the curvature regulation
pieces 23, 24 are linked such that a portion of each end surface
(for example, an end surface 21b of the first bending piece 21
shown in FIG. 3) abuts on a portion of the opposite surface of
the adjacent piece (for example, an end surface 21c of the first
bending piece 21 shown in FIG. 3) when the respective end
surface of one end side or the other end side is rotated by the
pivotally supporting portions 40A and 40B.

In the description hereinafter, the portion where the end
surface abuts on the opposite surface of the adjacent piece
accompanied with each rotation of the pieces 21, 22, 23 and
24 will be referred to as an abutment portion Z (see FIG. 4).
The abutment portions Z exist on both end surfaces of the
pieces 21, 22, 23, and 24 at the positions displaced at 90° in
the direction around the insertion axis with respect to the two
joint portions 40 of the linked pieces 21, 22, 23 and 24. Each
of'the pieces 21, 22, 23 and 24 has both ends notched to form
a triangular shape with end surfaces positioned to the center
of the outer surface such that the abutment portion Z is apart
from the abutment portion Z of the adjacent piece by a pre-
determined distance.

The bending pieces 21, 22 and the curvature regulation
pieces 23, 24 when the bending portion 12 and the curvature
transition portion 13 are in substantially the linear state are
linked such that a predetermined gap is formed between the
abutment portions Z in abutment state as described above.
Each shape of both end surfaces of the bending pieces 21, 22
and the curvature regulation pieces 23, 24 according to the
embodiment is not limited to the shape configured into the
triangle with both end surfaces directed to the center of the
outer shape, but may be arbitrarily configured so long as a
predetermined gap is formed between the adjacent abutment
portions Z in the linked state.

The respective linkages among the bending pieces 21, 22
and the curvature regulation pieces 23, 24 will be described
referring to FIG. 3.

When the insertion axis of the first bending portion 12a is
in the linear state, the angle defined by the lines formed by
connecting the abutment portions 7 (see FIG. 4) with the
apex, that is, the common rotating axial center of the two first
bending pieces 21 rotated to be in the abutment state is set to
apredetermined angle 61. The pair of joint portions 40 having
the parallel pivot members 42 in the axial direction in the first
bending portion 12a is configured such that the axes of the
pivot members 42 are provided at a predetermined distance
L1 in the longitudinal direction of the first bending portion
12a.

When the insertion axis of the second bending portion 1256
is in the linear state, the angle defined by the lines formed by
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connecting the abutment portions 7Z (see FIG. 4) with the
apex, that is, the common rotating axial center of the two
second bending pieces 22 rotated to be in the abutment state
is set to a predetermined angle 62. The pair of joint portions
40 having the parallel pivot members 42 in the axial direction
in the second bending portion 125 is configured such that the
axes of the pivot members 42 are provided at a predetermined
distance [.2 in the longitudinal direction of the second bend-
ing portion 124.

When the insertion axis of the first curvature transition
portion 13a is in the linear state, the angle defined by the lines
formed by connecting the abutment portions Z (see FIG. 4)
with the apex, that is, the common rotating axial center of the
two first curvature regulation pieces rotated to be in the abut-
ment state is set to a predetermined angle 03. The pair of joint
portions 40 having the parallel pivot members 42 in the axial
direction in the first curvature transition portion 134 is con-
figured such that the axes of the pivot members 42 are pro-
vided at a predetermined distance L3 in the longitudinal
direction of the first curvature transition portion 13a.

When the insertion axis of the second curvature transition
portion 134 is in the linear state, the angle defined by the lines
formed by connecting the abutment portions Z (see FIG. 4)
with the apex, that is, the common rotating axial center of the
two second curvature regulation pieces 24 rotated to be in the
abutment state is set to a predetermined angle 64. The pair of
joint portions 40 having the parallel pivot members in the
axial direction in the second curvature transition portion 135
is configured such that the axes of the pivot members 42 are
provided at a predetermined distance [.4 in the longitudinal
direction of the second curvature transition portion 13.

The joint portion between the first bending portion 12 and
the second bending portion 124 is rotatably linked with the
pair of the joint portions 40 of the first bending piece 21 at the
most proximal end and the pair of the joint portions 40 of the
second bending piece 22 at the most distal end. The joint
portion between the first curvature transition portion 13a and
the second curvature transition portion 135 is rotatably linked
with the pair of the joint portions 40 of the first curvature
regulation piece 23 at the most proximal end and the pair of
the joint portions 40 of the second curvature regulation piece
24 at the most distal end.

As described above, the second bending piece 22 at the
most proximal end and the first curvature regulation piece 23
at the most distal end are rotatably linked at the boundary
portion between the second bending portion 125 and the first
curvature transition portion 13a with the pair of the joint
portions 40 of the second bending piece 22 at the most proxi-
mal end and the pair of the joint portions 40 of the first
curvature regulation piece 23 at the most distal end.

A flex tube 26 as a helical tube is inserted into the force
quantity transmission portion 14. Likewise the bending por-
tion 12 and the curvature transition portion 13, the outer
circumference of the flex tube 26 is covered with a braid 27.
The outer circumference of the braid 27 is further covered
with an outer coat 28 as a second outer tube which exhibits
lower flexibility, that is, higher flexural rigidity than that of
the outer coat 31.

The force quantity transmission portion 14 is structured to
have the lower flexibility, in other words, higher flexural
rigidity compared with those of the bending portion 12 and
the curvature transition portion 13 for the purpose of trans-
mitting the pressing force at the proximal end side to the distal
end portion of the insertion portion 6 sufficiently. A reel
adhesion portion 29 is provided between the curvature tran-
sition portion 13 and the force quantity transmission portion
14 so as to adhere the outer coats 31 and 28 with the reel.
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Four bending operation wires 32 (angle wires) are inserted
into the insertion portion 6 such that the first bending portion
124 and the second bending portion 125 of the bending por-
tion 12 are pulled and loosened to be bent from the distal end
side. The bending operation wires 32 are inserted to be held
with a wire guide 36 within the bending portion 12 where the
proximal ends are inserted into a coil sheath 34 from the
boundary portion between the second bending portion 1256
and the first curvature transition portion 13q, respectively.
The coil sheath 34 used herein has an incompressive structure
where the wire is tightly wound like a pipe.

Referring to FIG. 5, the bending operation wires 32 have
the respective distal end portions held and fixed with fix
members 35 at four points each apartin the vertical and lateral
directions shown in FIG. 5 at the proximal end side of the
distal end configuration portion 11.

The bending operation wires 32 are linked with a not
shown bending operation mechanism having the proximal
end portion formed in the operation portion 7 (see FIG. 1) so
as to be pulled or loosened alternately. The bending operation
mechanism is linked to the bending operation knob 75 dis-
posed on the operation portion 7.

The bending operation wires 32 are pulled and loosened
through a predetermined operation of the bending operation
knob 7b. Accordingly, the bending portion 12 may be bent in
four directions through pulling and loosening of the four
respective bending operation wires 32.

Referring to FIG. 6, two wire guides 36 through which the
bending operation wires 32 are inserted to be held, respec-
tively are fixed onto the inner peripheral surface of the portion
of'the first and the second bending pieces 21, 22 in the bend-
ing portion 12 adjacent to the proximal end surface with
means such as welding.

Those two wire guides 36 are disposed on the inner periph-
eral surface substantially 180° displaced in the direction
around the insertion axis that separates the circumference of
each ofthe bending pieces 21, 22 into two equivalent portions
at the position 90° displaced with respect to the pair of the
joint portions 40 in the direction around the insertion axis. In
other words, those two wire guides 36 are provided at posi-
tions on the inner peripheral surface of the bending pieces 21,
22 to separate the line formed by connecting those wires into
two equivalent parts substantially orthogonal to the line
formed by connecting the pair of the joint portions 40.

FIG. 6 is a sectional view showing the section of the first
bending portion 12a when the first bending piece 21 is seen
from the proximal end side.

Inthe explanation of the embodiment, the vertical direction
shown in FIGS. 5 and 6 represents the direction orthogonal to
the insertion axis of the insertion portion 6 shown in FIG. 3.
The lateral direction shown in FIGS. 5 and 6 represents the
horizontal direction orthogonal to both the vertical direction
and to the insertion axis of the insertion portion 6 shown in
FIG. 3.

The bending portion 12, the curvature transition portion 13
and the force quantity transmission portion 14 may be bent in
the four directions in the up and down directions and right and
left directions shown in FIG. 3, or the vertical and the lateral
directions shown in FIGS. 5 and 6. As the curvature transition
portion 13 and the force quantity transmission portion 14 are
positively bent, they may be bent at 360° around the insertion
axis without being limited to the four directions, that is, the up
and down directions and right and left directions.

Each curvature and the curvature radius of the bending
portion 12 and the curvature transition portion 13 in the
maximum bent state will be described referring to FIGS. 7 to
10. The description with respect to the curvature and the
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curvature radius herein will be made using the sectional view
of the second bending portion 125 of the bending portion 12
in the longitudinal direction.

FIG. 7 is a sectional view showing the section of the second
bending portion in substantially the linear state, which has
been cut in the longitudinal direction. FIG. 8 is an enlarged
view of the second bending portion shown in FIG. 3 in the
maximum downward bent state. FIG. 9 is a graph showing
each change in the curvature and the curvature radius of the
bending portion, the curvature transition portion and the flex-
ible tube portion at the insertion axis. FIG. 10 is a side view of
the bending portion, the curvature transition portion and the
flexible tube portion in the maximum bent state.

When the insertion axis of the second bending portion 125
is in the linear state, the angle defined by lines each formed by
connecting the abutment portions 7Z (see FIG. 4) with the
apex, that is, the common rotating axial center of the two
second bending pieces 22 which rotate into the abutment state
is set to a predetermined angle 62. The pair of the joint
portions 40 having the parallel pivot members 42 in the axial
direction in the second bending portion 125 is configured
such that the axes of the pivot members 42 are apart from each
other by a predetermined distance 1.2 with respect to the
longitudinal direction of the second bending portion 125.

Referring to FIG. 8, the second bending portion 125
becomes the maximum bent state in the abutment state of the
peripheral end portions (abutment portion Z) of the adjacent
second bending pieces 22 at the bent side. More specifically,
the second bending pieces 22 are moved in the direction
around the axis of the pivot member 42 of the joint portion 40
as the rotating axis relative to the bending direction such that
the peripheral end portions (abutment portions 7) inside the
insertion axis which forms the arc as the second bending
portion 125 bends get closer with each other. The respective
peripheral end portions (abutment portions Z) of the second
bending pieces 22 inside the insertion axis which forms the
arc abut to prevent the rotation of the joint portion 40 around
the axis.

The respective peripheral end portions (abutment portions
7)) of the second bending piece 22 abut to allow the second
bending portion 125 to function as a stopper such that the state
where the rotation of the joint portion 40 around the axis is
prevented is brought into the maximum bent state of the
second bending portion 125.

When the insertion axis of the second bending portion 125
is in the linear state, the curvature radius R2 of the second
bending portion 124 in the maximum bent state is set in
accordance with the relationship between the predetermined
angle 02 defined by the opposite surfaces of the two adjacent
second bending pieces 22 and the distance [.2 between the
axes of the pivot members 42 in the parallel axial direction.
That is, when the insertion axis of the second bending portion
125 is in the linear state, the curvature C2 as the inverse
number of the curvature radius R2 of the insertion axis of the
second bending portion 125 in the maximum bent state is also
set in accordance with the relationship between the predeter-
mined angle 62 defined by the lines each formed by connect-
ing the respective abutment portions Z (see FIG. 4) to the
apex, that is, the common center of the rotating axis of the two
adjacent second bending pieces 22, and the distance [.2
between the axes of the pivot members 42 in the parallel axial
direction with respect to the longitudinal direction of the
second bending portion 125.
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The curvature C2 and the curvature radius R2 at the inser-
tion axis of the second bending portion 125 in the maximum
bent state may be derived from the following formula (1).

C2=1/R2~(2 tan 62/2)/L2 o)

The curvature C2 and the curvature radius R2 of the second
bending portion 125 in the maximum bent state are set to
approximately %43 (1/mm) and approximately 33 mm, respec-
tively.

The curvature and the curvature radius of the first bending
portion 124, the first curvature transition portion 13a and the
second curvature transition portion 134 in the maximum bent
state are set in the aforementioned way.

When the peripheral ends (abutment portions Z) of the
adjacent first bending pieces 21 in the bending direction are in
the abutment state, the first bending portion 12a becomes in
the maximum bent state. More specifically, the first bending
pieces 21 are moved to the direction around the axis of the
pivot members 42 of the joint portion 40 as the rotating axis
relative to the bending direction such that the peripheral end
portions (abutment portions Z) inside the insertion axis that
forms the arc as the first bending portion 124 bends get closer.
The first bending pieces 21 have the respective peripheral
ends (abutment portion 7) inside the insertion axis that forms
the arc brought into abutment state to prevent the rotation of
the joint portion 40 in the direction around the axis.

As the respective peripheral ends (abutment portion Z) of
the first bending pieces 21 are brought into the abutment state,
the first bending portion 12a functions as the stopper to bring
the state where the rotation around the axis of the joint portion
40 is prevented into the maximum bent state of the first
bending portion 12a.

When the insertion axis of the first bending portion 12a is
in the linear state, the curvature C1 and the curvature radius
R1 at the insertion axis of the first bending portion 12¢ in the
maximum bent state are set in accordance with the relation-
ship between the predetermined angle 61 defined by the lines
each formed by connecting the respective abutment portions
Z (see F1G. 4) and the apex, that is, the common rotating axial
center of the two adjacent first bending pieces 21, and the
distance L1 between the axes of the pivot members 42 in the
parallel axial direction relative to the longitudinal direction of
the first bending portion 12a.

The curvature C1 and the curvature radius R1 at the inser-
tion axis of the first bending portion 124 in the maximum bent
state may be derived from the following formula (2).

C1=1/R1~(2 tan 61/2)/L1 )

The curvature C1 and the curvature radius R1 of the first
bending portion 12a in the maximum bent state are set to
approximately iss (1/mm) and approximately 16.5 mm,
respectively.

When the peripheral ends (abutment portions Z) of the
adjacent first curvature regulation pieces 23 in the bending
direction are in the abutment state, the first curvature transi-
tion portion 13a becomes in the maximum bent state. More
specifically, the first curvature regulation pieces 23 are moved
to the direction around the axis of the pivot members 42 of the
joint portion 40 as the rotating axis relative to the bending
direction such that the peripheral end portions (abutment
portions Z) inside the insertion axis that forms the arc as the
curvature transition portion 13a bends get closer. The first
curvature regulation pieces 23 have the respective peripheral
ends (abutment portion 7) inside the insertion axis that forms
the arc brought into abutment state to prevent the rotation of
the joint portion 40 in the direction around the axis.
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As the respective peripheral ends (abutment portion Z) of
the first curvature regulation pieces 23 are brought into the
abutment state, the first curvature transition portion 13a func-
tions as the stopper to bring the state where the rotation
around the axis of the joint portion 40 is prevented into the
maximum bent state of the first curvature transition portion
13a.

When the insertion axis of the first curvature transition
portion 13q is in the linear state, the curvature C3 and the
curvature radius R3 at the insertion axis of the first curvature
transition portion 13« in the maximum bent state are set in
accordance with the relationship between the predetermined
angle 03 defined by the lines each formed by connecting the
respective abutment portions Z (see FIG. 4) and the apex, that
is, the common rotating axial center of the two adjacent first
curvature regulation pieces 23, and the distance L3 between
the axes ofthe pivot members 42 in the parallel axial direction
relative to the longitudinal direction of the first curvature
transition portion 13a.

The curvature C3 and the curvature radius R3 at the inser-
tion axis of the first curvature transition portion 13¢a in the
maximum bent state may be derived from the following for-
mula (3).

C3=1/R3~(2 tan 63/2)/L3 3)

The curvature C3 and the curvature radius R3 of the first
curvature transition portion 13« in the maximum bent state
are set to approximately %3 (1/mm) and to approximately 43
mm, respectively.

When the peripheral ends (abutment portions Z) of the
adjacent second curvature regulation pieces 24 in the bending
direction are in the abutment state, the second curvature tran-
sition portion 135 becomes in the maximum bent state. More
specifically, the second curvature regulation pieces 24 are
moved to the direction around the axis of the pivot members
42 of the joint portion 40 as the rotating axis relative to the
bending direction such that the peripheral end portions (abut-
ment portions Z) inside the insertion axis that forms the arc as
the curvature transition portion 135 bends get closer. The
second curvature regulation pieces 24 have the respective
peripheral ends (abutment portion 7) inside the insertion axis
that forms the arc brought into abutment state to prevent the
rotation of the joint portion 40 in the direction around the axis.

As the respective peripheral ends (abutment portion Z) of
the second curvature regulation pieces 24 are brought into the
abutment state, the second curvature transition portion 135
functions as the stopper to bring the state where the rotation
around the axis of the joint portion 40 is prevented into the
maximum bent state of the second curvature transition por-
tion 135.

When the insertion axis of the second curvature transition
portion 135 is in the linear state, the curvature C4 and the
curvature radius R4 at the insertion axis of the second curva-
ture transition portion 135 in the maximum bent state are set
in accordance with the relationship between the predeter-
mined angle 64 defined by the lines each formed by connect-
ing the respective abutment portions Z (see FIG. 4) and the
apex, that is, the common rotating axial center of the two
adjacent second curvature regulation pieces 24, and the dis-
tance 1.4 between the axes of the pivot members 42 in the
parallel axial direction relative to the longitudinal direction of
the second curvature transition portion 134.

The curvature C4 and the curvature radius R4 at the inser-
tion axis of the second curvature transition portion 135 in the
maximum bent state may be derived from the following for-
mula (4).

C4=1/RA~(2 tan 84/2)/L4 )
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The curvature C4 and the curvature radius R4 of the second
curvature transition portion 135 in the maximum bent state
are set to approximately %54 (1/mm) and approximately 54
mm, respectively.

The respective angles 01 to 64 and the respective distances
L1 to L4 of the first bending portion 124, the second bending
portion 125, the first curvature transition portion 13a and the
second curvature transition portion 135 are set such that the
respective curvature values at the insertion axes in the maxi-
mum bent state establish the relationship of C1>C2>C3>C4.

In other words, the respective angles 61 to 64 and the
respective distances L1 to L4 of the first bending portion 124,
the second bending portion 125, the first curvature transition
portion 13a and the second curvature transition portion 135
are set such that the respective curvature radii at the insertion
axes in the maximum bent state establish the relationship of
R1<R2<R3<R4.

Accordingly, the insertion portion 6 of the endoscope 2 is
configured to vary the curvature in the maximum bent state to
be smaller stepwise from the first bending portion 124 to the
second curvature transition portion 135 as shown in FIG. 9. In
other words, the insertion portion 6 of the endoscope 2 is set
to vary the curvature radius in the maximum bent state to be
larger stepwise from the first bending portion 12a to the
second curvature transition portion 135 as shown in FIG. 9.
Referring to FIG. 10, the insertion portion 6 is setto vary each
curvature radius of the respective portions 124, 125, 13a and
1354 in the maximum bent state to be larger in four corre-
sponding stages from the first bending portion 124 to the
second curvature transition portion 135.

In the embodiment, the curvature radius in the maximum
bent state is varied to be larger consecutively in four stages,
that is, from the first and the second bending portions 124, 1256
to the first and the second curvature transition portions 13a,
135. However, the curvature radius in the maximum bent state
may be varied to be larger in a plurality of stages, for example,
two stages, six stages and the like.

Among the rotation ranges of the respective pieces 21 to
24, the rotation range of the first bending piece 21 at the most
distal end side is set to the largest value, and the rotation range
of'the second curvature regulation piece 24 at the most proxi-
mal end side is set to the smallest value such that the curvature
radius in the maximum bent state of the respective portions
from the first bending portion 124 to the second curvature
transition portion 134 is smoothly varied to gradually become
larger. The insertion portion 6 of the endoscope 2 may be
configured such that the curvature in the maximum bent state
of'the respective portions from the first bending portion 12a to
the second curvature transition portion 135 is continuously
varied to gradually become smaller.

The angle defined by the lines each formed by connecting
the abutment portions Z (see FIG. 4) to the apex, that is, the
common rotating axial center of the adjacent pieces such as
the predetermined angles 61 to 64 and the length between the
axes of the pivot members 42 such as L1 to [.4 from the first
bending portion 124 to the second curvature transition portion
135 may further be fractionized, respectively to become
larger stepwise. The curvature in the maximum bending state
may be continuously varied to become smaller from the first
bending portion 124 to the second curvature transition portion
135. The configuration for setting the curvature radius to
become gradually larger from the first ending portion 12a to
the second curvature transition portion 135 is not limited to
the bending pieces 21, 22 and the curvature regulation pieces
23, 24.

The curvature transition portion 13 as the first flexible tube
may be set to have its distal end portion bent with the prede-
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termined force or lower, or with the curvature radius which is
substantially the same as that of the bending portion 12 in the
maximum bent state. The curvature transition portion 13 may
be set to have its proximal end portion bent with the prede-
termined force or lower, or with the curvature radius which is
substantially the same as that of the force quantity transmis-
sion portion 14 in the maximum bent state. Each curvature
radius at the distal end and the proximal end of the curvature
transition portion 13 in the embodiment to be described below
may be set in the similar way.

The force quantity transmission portion 14 of the insertion
portion 6 exhibits the flexural rigidity higher than those of the
bending portion 12 and the curvature transition portion 13 as
described above. In other words, the force quantity transmis-
sion portion 14 of the insertion portion 6 exhibits the flexibil-
ity lower than those of the bending portion 12 and the curva-
ture transition portion 13.

Referring to FIGS. 12 to 14, the state where the insertion
portion of the generally employed endoscope is inserted into
the body cavity, for example, the large intestine will be
described.

As described above, the generally employed endoscope
(see Patent Documents 1 and 2) includes the second bending
portion. The endoscope provided with no second bending
portion has been widely used before introduction of the afore-
mentioned endoscope.

The insertion portion of the endoscope provided with no
second bending portion is formed of three portions, that is, the
distal end configuration portion, the bending portion, and the
flexible tube portion, for example. The bending portion
exhibits elasticity allowed to positively bend. The flexible
tube portion exhibits a predetermined rigidity for transmitting
the pressing force applied by the operator to the distal end
side.

The flexible tube portion has a longer length in the longi-
tudinal direction, and a higher rigidity than those of the bend-
ing portion, respectively. When the insertion portion passes
the flexed portion in the body cavity, only a part of the entire
insertion axis, that is, the bending portion is locally flexed
owing to the difference in the rigidity between the bending
portion and the flexible tube portion. As the curvature radius
at the insertion axis greatly varies, the problem of difficulty
for the flexible tube portion to follow up the bending portion
occurs.

It is difficult for the operator to allow the insertion portion
to smoothly pass the flexed portion in the body cavity. The
joint portion between the bending portion and the flexible
tube portion is likely to be stuck with the flexed portion in the
body cavity.

The insertion portion 6' of the generally employed endo-
scope as proposed in Patent Document 1 or 2 is formed of the
distal end configuration portion 11', the first bending portion
124a’, the second bending portion 125’, and the flexible tube
portion 14' in the order from the distal end portion as shown
in FIG. 12. The first bending portion 124’ of the generally
employed endoscope exhibits the higher rigidity, that is,
lower flexibility than that of the second bending portion 125",

First the operator inserts the insertion portion 6' of the
generally employed endoscope from the distal end configu-
ration portion 11' to the large intestine through the anus of the
patient. At this time, the operator pushes the distal end portion
of the insertion portion 6' to be inserted to the large intestine
of' the patient while grasping to twist the flexible tube portion
14' of the insertion portion 6'.

When the distal end configuration portion 11' reaches the
flexed portion of the intestine, the operator bends the first
bending portion 12a'to follow the flexed state of the intestine,
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and further pushes the flexible tube portion 14' grasped by the
operator to the inside of the large intestine: At this time, the
second bending portion 125’ exhibits higher flexibility than
that of the first bending portion 124/, that is, easily deformable
as shown in FIG. 13. The second bending portion is acutely
bent as it abuts on the wall of the flexed portion of the intestine
under the pushing force transmitted from the flexible tube
portion 14" at the proximal end side.

The thus acutely bent second bending portion 125’is stuck
with the intestine wall to be pushed upward. When the opera-
tor further pushes the grasped flexible tube portion 14' deep
into the large intestine in the state where the second bending
portion 125’ pushes up the large intestine with respect to the
flexed portion thereof, the intestine may be excessively
stretched as shown in FIG. 14.

As a result, the patient suffers the pain. As the second
bending portion 12b' receives the resistance in abutment on
the flexed portion of the intestine, more time is required for
the operator to insert the insertion portion 6' into the target
site.

The function which occurs upon insertion of the insertion
portion 6 of the thus configured endoscope 2 into the body
cavity, the large intestine, for example, will be described
referring to FIGS. 15 to 17.

The operator inserts the insertion portion 6 of the endo-
scope 2 according to the embodiment from the distal end
configuration portion 11 to the large intestine through the
anus of the patient while grasping to twist the force quantity
transmission portion 14 so as to be pushed in the same way as
in the case of the generally employed endoscope. At this time,
the force quantity transmission portion 14 exhibits the prede-
termined rigidity sufficient to transmit the pressing force
applied from the operator to the distal end portion of the
insertion portion 6, that is, the bending portion 12 and the
curvature transition portion 13.

Referring to FIG. 15, the insertion portion 6 of the endo-
scope 2 which has reached the flexed portion within the large
intestine has the bending portion 12 operated to be bent such
that the distal end configuration portion 11 is directed to the
desired insertion direction, that is, the direction along the
flexed portion of the large intestine. Specifically, based on the
endoscopic image displayed on the monitor 5, the operator
performs the predetermined operation of the bending opera-
tion knob 75 of the operation portion 7 in the endoscope 2 so
as to bend the first bending portion 12a and the second bend-
ing portion 125 as components of the bending portion 12 in
the direction along the flexed portion of the large intestine.

When the operator further pushes the force quantity trans-
mission portion 14 grasped thereby deep into the large intes-
tine, the bending portion 12 is pushed against the intestine
wall and brought into the maximum bent state.

As the first bending portion 12a and the second bending
portion 125 have different curvature radii R1 and R2 at the
insertion axes, respectively, the curvature of the bending por-
tion 12 in the maximum bent state varies stepwise. The sec-
ond bending portion 125 is bent stepwise more gently than the
first bending portion 12« in the maximum bent state of the
bending portion 12.

Referring to FIG. 16, the curvature transition portion 13 is
bent along the flexed portion of the intestine by following up
the bending portion 12. In this case, when the force quantity
transmission portion 14 grasped by the operator is further
pushed deep into the large intestine, the curvature transition
portion 13 is pushed against the intestine wall to be brought
into the maximum bent state.

As the curvature of the curvature transition portion 13 at the
insertion axis is held smaller than that of the bending portion
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12, the curvature transition portion is allowed to pass the
flexed portion of the intestine smoothly without being
brought into the acute bending state. That is, the curvature of
the first curvature transition portion 13 in the maximum bent
state becomes smaller than that of the second bending portion
125 of the bending portion 12 so as to regulate the bending
with the larger curvature radius R3.

The curvature of the second curvature transition portion
135 in the maximum bent state at the insertion axis is set to be
smaller than that of the first curvature transition portion 13a
s0 as to regulate the bending with the larger curvature radius
R4.

After the bending portion 12 passes the flexed portion of
the intestine, the operator further pushes the grasped force
quantity transmission portion 14 deep into the large intestine
while adjusting the bending state of the bending portion 12 to
the linear state or the flexed state of the intestine. After the
curvature transition portion 13 passes the flexed portion of the
intestine, the force quantity transmission portion 14 receives
the abutment force from the intestine wall to follow up the
curvature transition portion 13 to pass the flexed portion of the
intestine smoothly while smoothly bending as shown in FIG.
17. The force for pushing the insertion portion 6 deep into the
large intestine applied by the operator may be approximately
2 Kg to maximum.

The endoscope 2 according to the embodiment is config-
ured to gently decrease the value of the curvature in the
maximum bent state from the first bending portion 12a to the
second curvature transition portion 135, resulting in the
gentle change in the curvature. This makes it possible to
easily insert the bending portion 12 and the curvature transi-
tion portion 13 deep into the large intestine as the body cavity
while passing the flexed portion of the intestine smoothly
without being brought into the acute bent state.

The resistance generated when the bending portion 12
passes the flexed portion of the intestine may be suppressed.
This makes it possible to reduce the burden and the pain
suffered by the patient who receives the endoscopic inspec-
tion using the endoscope 2 according to the embodiment.

The values of each curvature of the first bending portion
124, the second bending portion 125, the first curvature tran-
sition portion 134 and the second curvature transition portion
135 in the maximum bent states, respectively of the thus
configured endoscope 2 are set to satisfy the relationship of
C1>C2>C3>C4. That is, the values of each minimum curva-
ture radius of the aforementioned portions are set to satisfy
the relationship of R1<R2<R3<R4. This makes it possible to
reduce the insertion force for allowing the distal end portion
of the insertion portion 6 to pass the flexed portion of the
intestine by approximately 30 to 40% compared with the
generally employed endoscope.

Accordingly, the endoscope 2 of the embodiment consid-
erably improves the operability for inserting the insertion
portion 6 into the flexed body cavity.

Second Embodiment

A second embodiment according to the present invention
will be described referring to the drawings.

FIG. 18 is a sectional view showing the section of the distal
end portion of the insertion portion 6, which has been cut in
the longitudinal direction. FIG. 19 is a sectional view of the
insertion portion taken along line C-C shown in FIG. 18. FIG.
20 is a sectional view of the first curvature transition portion
of the insertion portion taken along line D-D shown in FIG.
18. In the embodiment, the configuration, functions and
effects of the endoscope which are the same as those of the
endoscope that has been already described in the first embodi-
ment will be designated with the same codes, and the expla-
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nations thereof, thus, will be omitted. The explanation with
respect only to the different configuration, functions and the
effects will be made hereinafter.

Referring to FIG. 18, besides the four bending operation
wires 32 for bending operation of the bending portion 12 as
described in the first embodiment, two curvature transition
operation wires 33 are inserted into the insertion portion 6 of
the embodiment such that the first curvature transition portion
13a and the second curvature transition portion 1354 of the
curvature transition portion 13 are pulled and loosened from
the distal end side.

The curvature transition operation wires 33 are inserted
and held in the wire guide 37 in the curvature transition
portion 13 to be described later, and inserted into the coil
sheath 34a from the force quantity transmission portion 14 to
the distal end, respectively. Referring to FI1G. 19, each distal
end portion of the curvature transition operation wires 33 is
held and fixed at two points arranged in substantially vertical
direction shown in FIG. 19 in the first curvature regulation
piece 13a at the most distal end side.

Likewise the bending operation wires 32, those curvature
transition operation wires 33 are linked with a not shown
bending operation mechanism having the proximal end por-
tion disposed in the operation portion 7 (see FIG. 1) so as to
be pulled or loosened alternately. The bending operation
mechanism is linked to a not shown curvature transition
operation knob provided on the operation portion 7.

Accordingly, those curvature transition operation wires 33
are pulled and loosened through the predetermined operation
of'the not shown curvature transition portion operation knob.
As the curvature transition operation wires 33 are pulled and
loosened, the curvature transition portion 13 is operated to be
bent in two directions, that is, up and down.

Referring to FIG. 20, two wire guides 37 through which the
curvature transition operation wires 33 are inserted and held
at every one piece are fixed onto the inner peripheral surface
around the proximal end surfaces of the first and the second
curvature regulation pieces 23, 24 in the curvature transition
portion 13 through such means as welding. Those two wire
guides 36 are provided on the inner peripheral surface at
positions each displaced in the direction around the insertion
axis at 180° which divides the circumference of each of the
curvature regulation pieces 23, 24 into two equivalent parts,
or at the positions around the insertion axis with respect to the
pair of the joint portions 40 each displaced at 90°.

The operator who uses the endoscope 2 according to the
embodiment is allowed to operate to bend only the curvature
transition portion 13 in the desired two up and down direc-
tions with no need of pushing the curvature transition portion
13 against the intestine wall to be bent until respective cur-
vatures (maximum curvature radii R3, R4) in the maximum
bending state of respective portions when the first curvature
transition portion 13a and the second curvature transition
portion 135 of the curvature transition portion 13 pass the
flexed portion of the intestine such as the large intestine as the
body cavity.

As a result, in addition to the effect derived from the first
embodiment, the distal end portion of the insertion portion 6,
especially, the curvature transition portion 13 passes the
flexed portion of the body cavity further smoothly.

The four curvature transition operation wires may be used
such that the first and the second curvature transition portions
13a and 134 of the curvature transition portion 13 are oper-
ated to be bent in the lateral direction, that is, left and right
directions.
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Third Embodiment

A third embodiment according to the present invention will
be described referring to the drawings.

FIG. 21 is a sectional view showing the section of the distal
end portion of the insertion portion 6, which has been cut in
the longitudinal direction. FIG. 22 is a sectional view of the
curvature transition portion in substantially the linear state,
which has been cut in the longitudinal direction. FIG. 23 is a
sectional view of the curvature transition portion in the maxi-
mum bent state, which has been cut in the longitudinal direc-
tion.

In the description of the embodiment, the configuration,
functions and effects which are the same as those described in
the first and the second embodiments will be designated as the
same codes, and explanation thereof, thus, will be omitted.
The different configuration, functions and effects will only be
described hereinafter.

Referring to FIG. 21, a curvature regulation tube 50 as a
flex tube where the belt-like member is helically formed with
a gap is inserted into the curvature transition portion 13 in
place of the curvature regulation piece. The curvature regu-
lation tube 50 in the curvature transition portion 13 may be
formed of a single layer, or a plurality of layers including
double-layer, triple-layer and the like.

The outer circumference of the curvature regulation tube
50 in the curvature transition portion 13 is covered with the
bending braid 30 which has its outer circumference further
covered with the outer coat 31 as a first outer tube (first outer
member) likewise the first and the second embodiments. The
distal end portion of the curvature regulation tube 50 at the
boundary between the second bending portion 126 and the
first curvature transition portion 13« is connected to the sec-
ond bending piece 22.

The force quantity transmission portion 14 is covered with
the outer coat 28. The joint portion between the curvature
transition portion 13 and the force quantity transmission por-
tion 14 is provided with a reel adhesion portion 29a which
adheres the outer coat 31 of the curvature transition portion 13
and the outer coat 28 of the force quantity transmission por-
tion 14 with the reel.

In the embodiment, the curvature transition portion 13 is
formed of a single part, but may be formed of two parts
including the first curvature transition portion at the distal end
side and the second curvature transition portion at the proxi-
mal end side likewise the first and the second embodiments.

Referring to FIG. 22, the section of the curvature regulation
tube 50 which is cut in the direction where the helically
formed belt-like member is in parallel with the insertion axis
of'the curvature transition portion 13 in the linear state has the
longitudinal length set to a predetermined value L5. The
distance of the gap between the sections is set to a predeter-
mined value L6. The external circumferential diameter of the
curvature regulation tube 50 is set to a predetermined value
d1.

Referring to FIG. 23, the curvature transition portion 13 is
brought into the maximum bent state when there is no gap in
the bending direction formed by the belt-like member of the
curvature regulation tube 50, and the side surfaces of the
belt-like member are in the abutment state inside the bending
portion. More specifically, the curvature transition portion 13
is brought into the maximum bent state when the side surface
of the belt-like member inside the insertion axis which forms
the arc through the bending is in the abutment state so as to
prevent the bending of the curvature transition portion 13.

The curvature transition portion 13 has the curvature C5
and the curvature radius RS in the maximum bending state
which are set based on the relationship among the predeter-
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mined longitudinal length L5 of the section surface cut in the
direction where the belt-like member of the curvature regu-
lation tube 50 is in parallel with the insertion axis, a prede-
termined length [.6 of the gap between the section surfaces,
and the external diameter d1 of the curvature regulation tube
50 when the insertion axis is in the linear state.

The curvature C5 and the curvature radius R5 of the cur-
vature transition portion 13 in the maximum bent state may be
calculated using the following formula (5).

C5=1/R5=2xL6/(L5+L6)xd1 )

The curvature transition portion 13 according to the embodi-
ment has the predetermined values of the length L5, .6 and
the external diameter d1 of the curvature regulation tube 50
which are set such that curvature C5 in the maximum bending
state (maximum curvature radius R5) and the curvatures C1,
C2 (minimum curvature radii R1, R2) of the first bending
portion 124a and the second bending portion 125 described in
the first embodiment at the insertion axes in the maximum
bending state satisfy the relationship of C1>C2>C5
(R1<R2<RS).

In the case where the curvature transition portion 13 is
formed of two portions, the curvature of the second curvature
transition portion at the proximal end side in the maximum
bent state is set to be smaller than the curvature of the first
curvature transition portion at the distal end side in the maxi-
mum bent state. That is, the curvature radius of the second
curvature transition portion at the proximal end side in the
maximum bent state is set to be larger than the curvature
radius of the first curvature transition portion at the distal end
side in the maximum bent state.

In the case where the curvature regulation tube 50 formed
of a plurality of layers, for example, double-layer or triple-
layer are provided in the curvature transition portion 13, the
length and the curvature radius of one of the layers of the
curvature regulation tube 50 may be set as described below.
The curvature C5 and the curvature radius RS in the maxi-
mum bent state may be set based on the relationship among
the predetermined longitudinal length L5 of the section sur-
face which is cut in the direction where the belt-like member
of the curvature regulation tube 50 is in parallel with the
insertion axis of the curvature transition portion 13 in the
linear state, the predetermined length 1.6 of the gap between
the section surfaces, and the external diameter d1 of the
curvature regulation tube 50.

As the curvature regulation tube 50 in the curvature tran-
sition portion 13 has the flex structure where the belt-like
member is helically formed, the same regulation radius may
be obtained in the arbitral bending direction at 360° around
the insertion axis. The curvature transition portion 13 of the
endoscope 2 according to the embodiment exhibits excellent
twisting follow-up performance, operability and smooth
insertion in addition to the effects derived from the first and
the second embodiments.

Referring to FIG. 24, a curvature regulation tube 50a may
have its outer circumference covered over the range of the
curvature transition portion 13 in which the forceps channel
52 is inserted into the insertion portion 6. The forceps channel
52 is a tube which has the opening 11¢ (see FIG. 2) formed in
the distal end surface of the distal end configuration portion
11, through which the treatment instrument such as the for-
ceps is inserted. As the curvature regulation tube 504 has the
same configuration as that of the aforementioned curvature
regulation tube 50, the detailed explanation thereof will be
omitted.

Besides the forceps channel 52, the curvature regulation
tube 50a may have members to be inserted into the insertion
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portion 6 ofthe endoscope 2, for example, the communication
cable, the light guide fiber, the air/water feed tube, and the coil
sheath covered over the range of the curvature transition
portion 13.

Fourth Embodiment

A fourth embodiment according to the present invention
will be described referring to the drawings.

FIG. 25 is a partially sectional view showing the configu-
ration of the curvature regulation body. FI1G. 26 is an explana-
tory view showing the state before the curvature regulation
body is externally fit with the insertion portion of the endo-
scope. FIG. 27 is a sectional view of the insertion portion of
the endoscope in the state where the curvature regulation
body is externally fit with the flexible tube portion of the
insertion portion. FIG. 28 is a sectional view showing the
section of the curvature regulation body with the insertion
axis in the linear state which has been cut in the longitudinal
direction. FIG. 29 is a sectional view showing the section of
the curvature regulation body in the maximum bent state
which has been cut in the longitudinal direction. In the
embodiment, the configuration, functions, effects of the
endoscope which are the same as those described in the pre-
vious embodiments are designated with the same codes, and
the explanations thereof, thus, will be omitted. The different
configuration, functions and effects will only be described
hereinafter.

Referring to FIGS. 25 to 27, the force quantity transmis-
sion portion 14 may be partially formed to be the curvature
transition portion 13 by the use of a substantially cylindrical
curvature regulation body 60 which is detachable with respect
to the insertion portion 6 of the endoscope 2. Specifically, the
curvature regulation body 60 is formed of a curvature regu-
lation tube 505, and an outer coat 51 which covers the outer
circumference of the curvature regulation tube 505, and has
the inner diameter which is substantially the same to or
slightly smaller than the external diameter of the insertion
portion 6 of the endoscope 2. Likewise the curvature regula-
tion tube 50 as described in the third embodiment, the curva-
ture regulation tube 505 is the flex tube where the belt-like
member is helically formed with the gap.

Referring to FIG. 26, the curvature regulation body 60
receives insertion of the insertion portion 6 from the distal end
configuration portion 11 of the endoscope 2. Referring to
FIG. 27, the curvature regulation body 60 covers a part of the
force quantity transmission portion 14 so as to have the distal
end positioned at the most distal end of the force quantity
transmission portion 14, that is, the most proximal end of the
bending portion 12. The curvature transition portion 13 is
formed on the force quantity transmission portion 14 which is
covered with the curvature regulation body 60.

The curvature and the maximum curvature radius at the
insertion axis of the curvature transition portion 13 formed by
the curvature regulation body 60 in the maximum bent state
are set in the same manner as in the case of the curvature
regulation tube 50 in the third embodiment. That is, the lon-
gitudinal length of the section surface of the curvature regu-
lation tube 505 cut in the direction where the helically formed
belt-like member is in parallel with the insertion axis is set to
apredetermined value of 7. The distance of the gap between
the section surfaces is set to the predetermined value of L8.
The external circumferential diameter of the curvature regu-
lation tube 505 is set to the predetermined value of d2.

Referring to FIG. 29, the curvature regulation body 60 is
brought into the maximum bent state when the side surfaces
of'the belt-like members inside the insertion axis which forms
the arc through bending are in the abutment state to prevent
the bending operation.
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The curvature regulation body 60 has the curvature C6 and
the curvature radius R6 in the maximum bent state which are
set in accordance with the relationship among the predeter-
mined longitudinal length 1.7 of the section surface which is
cut in the direction where the belt-like member of the curva-
ture regulation tube 5054 is in parallel with the insertion axis in
the linear state, the predetermined length 1.8 of the gap
formed between the section surfaces, and the external diam-
eter d2 of the curvature regulation tube 504.

The curvature C6 and the curvature radius Ré of the cur-
vature regulation body 60 in the maximum bent state may be
calculated using the following formula (6).

C6=1/R6=~2xL8/(LT+L8)xd2 (6

The curvature regulation body 60 sets the predetermined
values of the length [.7, length 8 and the predetermined exter-
nal diameter d2 of the curvature regulation tube 5056 such that
the curvature C6 in the maximum bent state becomes smaller
than the curvature of the bending portion 12 in the maximum
bent state. That is, the curvature regulation body 60 sets the
predetermined values of the length L7, the length [.8 and the
predetermined external diameter d2 of the curvature regula-
tion tube 505 such that the curvature radius R6 in the maxi-
mum bent state becomes larger than the curvature radius of
the bent portion 12 in the maximum bent state.

The force quantity transmission portion 14 covered with
the curvature regulation body 60, that is, the curvature tran-
sition portion 13 in the present embodiment has the curvature
and the minimum curvature radius in the maximum bent state
equivalent to the curvature C6 and the curvature radius R6 of
the curvature regulation body 60 in the maximum bent state.

As aresult, according to the embodiment, as the curvature
regulation body 60 is detachable with respect to the insertion
portion 6 of the endoscope 2, the curvature regulation body 60
which has the curvature C6 (curvature radius R6) at the inser-
tion axis set in accordance with the flexed state of the intestine
as the body cavity of the patient may be used.

The curvature regulation body 60 may be of the disposable
type or the reuse type.

Fifth Embodiment

A fifth embodiment according to the present invention will
be described referring to the drawings.

FIG. 30 is a sectional view showing the section of the distal
end portion of the insertion portion according to the embodi-
ment, which has been cut in the longitudinal direction. In the
embodiment, the configuration, functions, and effects of the
endoscope which are the same as those of the endoscope
described in the previous embodiments will be designated
with the same codes and explanation thereof, thus, will be
omitted. The different configuration, functions and effects
will only be described hereinafter.

Referring to FIG. 30, the insertion portion of the endoscope
2 according to the embodiment is formed of the distal end
configuration portion 11, the bending portion 12, the curva-
ture regulation portion 13 and the force quantity transmission
portion 14 in the order from the distal end side.

The bending portion 12 is formed of a plurality of bending
pieces 21 a which are rotatably connected in series. Those
plural bending pieces 21a are covered with the bending braid
30 which is further covered with an outer coat 70 as a first
outer insertion tube such that the bending portion 12 is
formed. The thickness of the outer coat 70 of the bending
portion 12 is gradually increased from the distal end side to
the proximal end side. The rigidity of the outer coat 70, thus,
gradually increases from the distal end side to the proximal
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end side, and accordingly, the flexural rigidity of the bending
portion 12 gradually increases from the distal end side to the
proximal end side.

The flex tube 26 as the helical tube is inserted into the
curvature transition portion 13 and the force quantity trans-
mission portion 14. The outer circumference of the flex tube
26 is covered with the braid 27 likewise the bending portion
12.

An outer coat 71 serving as a second outer tube is applied
to the outer circumference of the braid 27 to cover the range
of the curvature transition portion 13. An outer coat 72 serv-
ing as a third outer tube is applied to the outer circumference
of'the braid 27 to cover the range of the force quantity trans-
mission portion 14.

The outer coat 71 of the curvature transition portion 13 and
the outer coat 72 of the force quantity transmission portion 14
are formed of a synthetic resin with a predetermined rigidity
formed by mixing a soft resin material, for example, polyure-
thane, and a rigid resin such as polyester.

The content of the soft resin contained in the outer coat 71
of the curvature transition portion 13 becomes high as it gets
closer to the distal end side, and becomes low as it gets closer
to the proximal end side, which is formed of the synthetic
resin material with the higher content of the rigid resin. As the
rigidity of the outer coat 70 becomes gradually high from the
distal end side to the proximal end side, the flexural rigidity of
the curvature transition portion 13 is set to be gradually
increased from the distal end side to the proximal end side.

The distal end side of the outer coat 71 contains the mixture
of the soft resin and the rigid resin at the predetermined
compound ratio such that the flexural rigidity of the curvature
transition portion 13 at the distal end side becomes substan-
tially the same as that of the bending portion 12 at the proxi-
mal end side. The outer coats 71 and 72 are linked at the joint
portion between the curvature transition portion 13 and the
force quantity transmission portion 14 with the reel adhesion
portion 294.

The outer coat 72 of the force quantity transmission portion
14 is formed of the synthetic resin through mixture of the soft
resin and the rigid resin at constant compound ratio over the
whole length. The outer coat 72 contains the mixture of the
soft resin and the rigid resin at the predetermined compound
ratio such that the flexural rigidity of the force quantity trans-
mission portion 14 becomes substantially the same as that of
the curvature transition portion 13 at the proximal end side.

Referring to the graph shown in FIG. 31, the flexural rigid-
ity of the insertion portion 6 of the endoscope 2 is set to
become sequentially higher from the distal end to the proxi-
mal end of the respective portions of the bending portion 12
and the curvature transition portion 13 at the constant rate. In
other words, the flexural rigidity of the bending portion 12 at
the most distal end is the lowest, from where the flexural
rigidity is sequentially increased at the constant rate, and then
the flexural rigidity of the curvature transition portion 13 at
the most proximal end is the highest. The force quantity
transmission portion 14 is configured to have the flexural
rigidity which is substantially the same as that of the curva-
ture transition portion 13 at the most proximal end over the
whole length.

The bending portion 12 which is bent in abutment against
the body cavity wall which is flexed under the predetermined
pressing force (for example, the force of approximately 2 kg
to maximum) has the highest curvature at the insertion axis,
from where the curvature sequentially decreases at the con-
stant rate.

The curvature transition portion 13 which is bent in the
similar way as described above has the curvature at the inser-
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tion axis decreased at the constant rate from the boundary
between the second bending portion 125 and the first curva-
ture transition portion 134 such that the curvature of the most
proximal end at the insertion axis becomes the lowest. In
other words, the curvature radius of the bending portion 12 at
the most distal end at the insertion axis which is bent in
abutment on the body cavity wall which flexes under the
predetermined pressing force (for example, the force of
approximately 2 kg to maximum) is the smallest, from where
the curvature radius at the insertion axis sequentially
increases to become the largest at the insertion axis of the
curvature transition portion 13 at the most proximal end.

When the operator pushes the force quantity transmission
portion 14 deep into the large intestine under the predeter-
mined force (for example, the force of approximately 2 kg to
maximum) while operating the bending portion 12 to be bent
along the flexed portion of the intestine such as the large
intestine, the bending portion 12 and the curvature transition
portion 13 are bent to follow the flexing of the body cavity in
abutment on the flexed body cavity wall. At this time, the
curvature transition portion 13 allows the curvature radius at
the insertion axis in the bent state to increase at the constant
rate along the bending state of the bending portion 12 from the
distal end side to the proximal end side.

Accordingly, the curvature radius at the insertion axis
becomes sequentially large at the constant rate from the bend-
ing portion 12 to the curvature transmission portion 13. As the
curvature radius at the insertion axis of the curvature transi-
tion portion 13 is held larger than that of the bending portion
12 at the insertion axis, the force quantity transmission por-
tion 14 may be smoothly inserted into the flexed portion of the
intestine.

The bending portion 12, the curvature transition portion 13
and the force quantity transmission portion 14 which pass the
flexed portion of the intestine are inserted deep into the large
intestine without being stuck with the flexed intestine wall. As
the flexural rigidity of the force quantity transmission portion
14 is higher than each flexural rigidity of the bending portion
12 and the curvature transition portion 13, the pressing force
applied to the curvature transition portion 13 may be trans-
mitted while keeping its shape.

The insertion portion 6 of the endoscope 2 according to the
embodiments has the curvature gently varied from the bend-
ing portion 12 to the curvature transition portion 13 so as to
pass the flexed portion of the intestine smoothly without
bringing the bending portion 12 and the curvature transition
portion 13 into the acute bent state. As the resistance gener-
ated when the bending portion 12 passes the flexed portion of
the large intestine may be kept suppressed, the burden and the
pain suffered by the patient who receives the endoscopic
inspection using the endoscope 2 according to the embodi-
ment may be reduced.

Referring to FIG. 33, the insertion portion 6 of the endo-
scope 2 may be provided with a flexural rigidity adjuster bar
75 as a long bar-like member formed of a metal, for example,
the nickel-titanium alloy such that the curvature gently varies
from the bending portion 12 to the curvature transition por-
tion 13.

The flexural rigidity adjuster bar 75 disposed in the inser-
tion portion 6 is a conical structured which has its external
diameter gradually increased from the bending portion 12 to
the curvature transition portion 13, and its external diameter
kept constant in the range of the force quantity transmission
portion 14.

The flexural rigidity adjuster bar 75 has the lowest flexural
rigidity at the most distal end of the bending portion 12 so as
to be increased at the constant rate until the flexural rigidity at
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the most proximal end of the curvature transition portion 13 is
the highest. The flexural rigidity adjuster bar 75 in the force
quantity transmission portion 14 has the constant flexural
rigidity which is substantially the same as the one at the most
proximal end of the curvature transition portion 13.

The flexural rigidity of the bending portion 12 of the inser-
tion portion 6 at the most distal end is the lowest, which then
sequentially increases at the constant rate until each flexural
rigidity of the curvature transition portion 13 at the most
proximal end and the force quantity transmission portion 14
becomes the highest. In this case, the rigidity of the respective
outer coats 70 to 72 takes the same value.

The forceps channel, the coil sheath, and various endo-
scopic channels may be used instead of the flexural rigidity
adjuster bar 75 such that the flexural rigidity of the insertion
portion 6 is sequentially increased at the constant rate from
the bending portion 12 to the curvature transition portion 13.

In the aforementioned embodiments, the force quantity
transmission portion 14 is not provided, but the distal end
configuration portion 11, the bending portion 12 and the
curvature transition portion 13 may only be provided for the
insertion portion 6.

According to the present invention, the resistance gener-
ated upon passage of the insertion portion on the flexed por-
tion of the body cavity may be suppressed to improve the
performance for inserting the insertion portion 6 as well as
realize the endoscope flexible tube and the endoscope device
which reduces the burden and the pain suffered by the patient.

The present invention is not limited to the embodiment as
described above but may be modified into various forms
without departing from the scope of the invention.

The invention claimed is:

1. An endoscope including an insertion portion which
exhibits flexibility to be inserted into a body cavity, the endo-
scope comprising:

a bending portion formed at a distal end side which is
configured to be maximally bent with a first curvature
radius and to be bendable according to a bending opera-
tion by an operator, the bending portion being provided
inside thereof a plurality of annular bending pieces
which are rotatably connected in series by pivots,
peripheral edges of opposite surfaces of adjacent ones of
the bending pieces serving as abutment portions to abut
to each other to regulate the curvature radius at which the
bending portion is maximally bent;

afirst flexible tube portion connected in series at a proximal
end side of the bending portion, which is maximally
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bendable with a second curvature radius larger than the
first curvature radius, and which is bent when applied
with an external force but is not bendable according to a
bending operation by an operator, the first flexible tube
portion being maximally bent by being pushed against
an inner wall of the body cavity, the first flexible tube
portion being provided inside thereof a plurality of cur-
vature regulation pieces rotatably connected in series by
pivots, peripheral edges of opposite surfaces of adjacent
ones of the curvature regulation pieces serving as abut-
ment portions to abut to each other to regulate the cur-
vature radius at which the first flexible tube is maximally
bent; and

a second flexible tube portion connected in series at a

proximal end side of the first flexible tube portion, the
second flexible tube portion comprising a helical tube, a
braid covering an outer circumference of the helical
tube, and an outer resin coat covering the braid, the
second flexible tube portion having a flexural rigidity
larger than a flexural rigidity of the first flexible tube
portion.

2. The endoscope according to claim 1, wherein the first
flexible tube is formed such that the curvature radius of the
first flexible tube when maximally bent is larger at a side of
the second flexible tube portion than at a side of the bending
portion.

3. The endoscope according to claim 2, wherein the curva-
ture radius of the first flexible tube portion when maximally
bent is set to vary stepwise or continuously from the side of
the bending portion to the side of the second flexible tube
portion.

4. The endoscope according to claim 1, wherein, in a state
where an insertion axis of the bending portion and the first
flexible tube is in a linear state, a distance between each of the
pivots that rotatably connect in series the plurality of curva-
ture regulation pieces provided in the first flexible tube por-
tion and an angle between the abutment portions opposing to
each other of the curvature regulation pieces adjacent to each
other with a rotation center of each of the pivots serving as an
apex are set relative to a distance between each of the pivots
that rotatably connect in series the plurality of bending pieces
provided in the bending portion and an angle between the
abutment portions opposing to each other of the bending
pieces adjacent to each other with a rotation center of each of
the pivots serving as an apex, so that the second curvature
radius is larger than the first curvature radius.
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